Introduction
The complex (Et 4 N) 2 [Tc(CO) 3 Cl 3 ] is a useful starting material for synthesis of technetium(I) carbonyl complexes. After the synthesis of (Et 4 N) 2 [Tc(CO) 3 Cl 3 ] under a mild condition (1 atm and 65 ˚C), 1 the coordination chemistry of technetium complexes in a +1 oxidation state with carbonyl ligands have attracted considerable interest. 2 Technetium(I) tricarbonyl complexes are generally six-coordinated in octahedral geometry. The fac-[Tc(CO) 3 ] + core is stable toward ligand substitution reactions, whereas the three Cl ligands are easily substituted by other ligands. In recent years, reactions of [ 99 Tc(CO) 3 Cl 3 ] 2− with bidentate ligands are extensively studied to provide a basic insight into fac-99m Tc(CO) 3 radiopharmaceuticals with bidentate ligands. 3 Technetium(I) carbonyl complexes with various bidentate ligands with N, O and S donor atoms were synthesized by ligand substitution reactions of (Et 4 N) 2 [Tc(CO) 3 Cl 3 ]. 4−6 Schiff base ligands with N donor atoms of the imine group and O donor atoms of the phenol group afford stable complexes with various transition metals. 7−12 Although a number of technetium complexes with a Schiff base imine-phenol ligand in higher oxidation states (+3 to +6) have been reported in the literature, 13−18 little is known about technetium(I) carbonyl complexes with this ligand.
We have synthesized technetium(I) carbonyl complexes with Hsalbut of a Schiff base imine-phenol bidentate ligand for the first time, and their structures are characterized in this paper. In terms of radiopharmaceutical application, the structure of technetium complexes in solution is to be elucidated, and we investigate further the structure of technetium(I) carbonyl complexes with a salbut ligand also in solution. 19 
Experimental

Materials.
A potassium salt of pertechnetate ( 99 Tc) purchased from Radiochemical Center Amersham was dissolved in 0.8 M aqueous ammonia solution. Hsalbut [2-(1-butylnitrilomet hylidyne)phenol] was synthesized from the reaction of salicylal-dehyde and 1-butanamine. Hsalbut was identified by 1 H NMR spectroscopy. The satarting material (Et 4 N) 2 [ 99 Tc(CO) 3 Cl 3 ] was synthesized in a manner described in the literature. 1 Other chemicals and solvents were of reagent grade, and used without further purification.
2.2. Instruments. The elemental analysis was performed by a Yanaco MT-3 CHN recorder. The composition of technetium was determined radiometrically with a liquid scintillation counter (Aloka, LSC-5100). IR spectra were recorded with a KBr pellet method on SHIMADZU FTIR-8600PC. 1 H NMR spectra were recorded on JEOL G5X270 (270 MHz) at room temperature. UV-vis spectra were recorded in acetonitrile or dichloromethane on SHIMADZU Multi Spec-1500 at room temperature.
2.3. X-ray crystallographic data collection and refinement of structure. A single crystal of [Tc(CO) 3 (salbut)] 2 was subjected to X-ray crystallography. The diffraction data were collected at 173 K using a Rigaku Mercury CCD diffractometer with MoKα graphite monochromator radiation (λ = 0.71070 Å). The structure was solved by direct methods 20 and expanded using Fourier techniques. 21 The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model. The final discrepancy factors: R 1 = 0.044, wR 2 = 0.141 for all reflections. All of the calculations were made using the CrystalStructure crystallographic software package. 22, 23 More information on crystal data and structure refinement is summarized in Table 1 .
Synthesis of [2-(1-butylnitrilomethylidyne)phenolato]acetonitriletricarbonyltechnetium(I), Tc(CO) 3 (salbut)(CH 3 CN).
The starting material (Et 4 N) 2 [Tc(CO) 3 Cl 3 ] (100 µmol) was dissolved in acetonitrile (10 mL). To the solution, Hsalbut (100 µmol) in acetonitrile and triethylamine (50 µL) were added. The yellow reaction mixture was stirred for 12 h at room temperature. The solution was condensed to 3 mL and then subjected to silicagel column chromatography (20 mmΦ × 150 mm, Wakogel C-200). By elution with acetonitrile, the yellow fraction containing Tc(CO) 3 (salbut)(CH 3 CN) was collected. Evaporation of the solution gave yellow precipitate of Tc(CO) 3 Technetium(I) carbonyl complexes such as [Tc(CO) 3 (salbut)] 2 (salbut = 2-(1-butylnitrilomethylidyne)phenolato), Tc(CO) 3 (salbut)(CH 3 CN) and Tc(CO) 3 (salbut)(py) (py = pridine) with Schiff base ligands were synthesized. The dinuclear complex [Tc(CO) 3 (salbut)] 2 is the first phenoxo-bridged dinuclear technetium complex. From X-ray crystallography, this dinuclear complex was revealed to be a "dimer" composed of two Tc(CO) 3 (salbut) subunits bridged by two oxygen atoms of the salbut ligand. The two Tc(CO) 3 (salbut) subunits are in inversion symmetry each other. Schiff base Hsalbut loses a phenol proton through the ligand exchange reaction and coordinates to the technetium atom as a bidentate ligand with nitrogen and oxygen atoms. Three carbonyl ligands coordinate to the technetium atom in a facial configuration. Structures of [Tc(CO) 3 (salbut)] 2 in solvents were investigated by NMR and UV-vis spectroscopy. The mononuclear complex Tc(CO) 3 (salbut)(solv) (solv = solvent molecule) was formed in strong Lewis base solvents like acetonitrile and pyridine. In weak Lewis base solvents like dichloromethane and benzene, on the other hand, the dinuclear [Tc(CO) 3 
Synthesis of bis[µ-{2-(1-butylnitrilomethylidyne) phenolato-1:2κ 2 O}]-hexacarbonylditechnetium(I), [Tc(CO) 3 (salbut)] 2 .
The reaction product Tc(CO) 3 (salbut)(CH 3 CN) (80 µmol) was dissolved in benzene (3 mL 
Results and Discussion
The reaction of (Et 4 N) 2 [Tc(CO) 3 Cl 3 ] and Hsalbut in acetonitrile gave a complex Tc(CO) 3 (salbut)(CH 3 CN) as shown in Scheme 1 (a). When triethylamine was absent in the reaction mixture, this reaction hardly proceeded. The addition of a base was necessary for dissociation of the phenol proton of Hsalbut. In this reaction, three Cl ligands of [Tc(CO) 3 Cl 3 ] 2+ are replaced by one bidentate salbut ligand and one acetonitrile molecule of a monodentate ligand.
The structure of Tc(CO) 3 (salbut)(CH 3 CN) was characterized by 1 H NMR and IR spectroscopy. The spin multiplicity of signals of methylene protons at α-position of imine nitrogen was triplet for free Hsalbut. Meanwhile, the signal was multiplet in the spectrum of Tc(CO) 3 (salbut)(CH 3 CN), as a result of the constraint of a rotation of the methylene group through coordination of the imine N atom to the Tc atom in the complex. A difference of spin multiplicity in 1 H NMR spectra is also observed for signals of aromatic hydrogens. Four aromatic hydrogens of free Hsalbut show multiple signals. In the spectrum of Tc(CO) 3 (salbut)(CH 3 CN), two signals of dd and two signals of ddd were observed. This result indicates that the O atom of the phenol group coordinates to the Tc atom. The salbut coordinates to the Tc atom in a fashion of the bidentate chelate through one N donor atom of the imine group and one O donor atom of the phenol group. The IR spectrum of Tc(CO) 3 (salbut)(CH 3 CN) showed a pattern typical of a facial arrangement of three CO ligands. Absorption peaks for stretching of carbonyl ligands were observed at 2025, 1923 and 1899 cm −1 . The highest energy peak arises from symmetrical stretching of three carbonyl ligands. Peaks at lower wave numbers (1923 and 1899 cm −1 ) are due to unsymmetrical stretching modes. 24 An acetonitrile molecule would coordinate to the sixth coordination site. The central Tc atom acts as a chiral center. Two enantiomeric forms of Tc(CO) 3 (salbut)(CH 3 CN) are expected, although these have not been isolated here.
The dinuclear complex [Tc(CO) 3 (salbut)] 2 was obtained in a quantitative yield from a benzene solution of Tc(CO) 3 (salbut) (CH 3 CN). The dimerization of Tc(CO) 3 (salbut)(CH 3 CN) should occur in the benzene solution (Scheme 1b). The dimeric complex [Tc(CO) 3 (salbut)] 2 was also obtained from a dichloromethane solution of Tc(CO) 3 (salbut)(CH 3 CN). In the 1 H NMR spectrum for the CD 2 Cl 2 solution of Tc(CO) 3 (salbut)(CH 3 CN), two singlet signals originated from the imine proton were observed at 7.93 and 8.36 ppm. This result indicates that both monomeric and dimeric complexes are present in the solution. The signal at higher chemical shift is assigned to [Tc(CO) 3 (salbut)] 2 , and the lower one to Tc(CO) 3 (salbut)(CH 3 CN).
The structural determination of [Tc(CO) 3 (salbut)] 2 by X-ray crystallography was carried out for the pale yellow prism single crystal obtained from a benzene solution. The ORTEP drawing of [Tc(CO) 3 (salbut)] 2 is shown in Figure 1 . Selected bond distances and angels are listed in Table 2 . The dinuclear complex is composed of two Tc(CO) 3 (salbut) subunits bridged by the O atoms of phenoxo groups of the salbut ligand. These subunits are enantiomeric. The inversion center is located at the center of the Tc 2 O 2 ring. Each Tc atom is six-coordinated in 183 Å) . The distance between the two Tc atoms is as long as 3.404 Å, and the Tc-Tc bond does not exist in this dinuclear complex. A typical metal-metal bond distance in dinuclear technetium complexes with Tc 2 O 2 units is known to be in the range from 2.331 to 2.401 Å. 25−28 The structure of Tc(I) complex with the salbut ligand were investigated in a variety of solvents. The UV-vis spectrum of [Tc(CO) 3 (salbut)] 2 in dichloromethane is shown in Figure 2a . The dinuclear structure is retained in dichloromethane solution. When [Tc(CO) 3 (salbut)] 2 is dissolved in acetonitrile, the UVvis spectrum (Figure 2b ) is different from that in dichloromethane. The metal-to-ligand charge transfer (MLCT) absorption peak appeared at 393 nm. The spectrum of [Tc(CO) 3 (salbut)] 2 in acetonitrile resembles that of Tc(CO) 3 (salbut)(CH 3 CN) in acetonitrile quite well (Figure 2c ). Furthermore, the 1 H NMR spectrum of [Tc(CO) 3 (salbut)] 2 in CD 3 CN was the same as that of Tc(CO) 3 When [Tc (CO) 3 (salbut)] 2 was dissolved in pyridine, Tc(CO) 3 (salbut)(py) was formed. In the 1 H NMR spectrum of Tc(CO) 3 (salbut)(py), signals of pyridine coordinating to Tc are observed at 7.21 ppm and 8.42 ppm. The other signals are similar to that of Tc(CO) 3 (salbut)(CH 3 CN) with the six-coordinated monomeric structure.
Strong Lewis bases such as acetonitrile and pyridine act as a (5) Tc(1)-C(9) 1.919 (5) Tc (1) monodentate ligand, and substitute the bridging O atom of the Tc(CO) 3 (salbut) subunit. In these solvents, mononuclear complexes with neutral charge were formed (Scheme 2). The molecular formula of these mononuclear complexes can be written as Tc(CO) 3 (salbut)(solv). On the contrary, no structural change of [Tc(CO) 3 (salbut)] 2 was observed in dichloromethane and benzene solvents. These solvents are a very weak Lewis base and should be irrelevant to the ligand substitution reaction.
Conclusions
Three technetium(I) carbonyl complexes, Tc(CO) 3 (salbut) (CH 3 CN), Tc(CO) 3 (salbut)(py) and [Tc(CO) 3 (salbut)] 2 , were synthesized in the present work. The phenoxo-bridged dinuclear complex [Tc(CO) 3 (salbut)] 2 is revealed to be composed of two enantiomeric Tc(CO) 3 (salbut) subunits bridged by a phenoxo group.
In solution, the Lewis basicity of the solvents is a key factor in determining the structure of technetium(I) carbonyl complexes with salbut. In strong Lewis base solvents like acetonitrile and pyridine, dinuclear [Tc(CO) 3 (salbut)] 2 changes its structure to a mononuclear Tc(CO) 3 (salbut)(solv). In weak Lewis base solvents like dichloromethane or benzene, on the other hand, dinuclear [Tc(CO) 3 (salbut)] 2 is stable. 
